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SUMMARY 


The lateral-control characteristics of several spoiler arrangements 
located near the wing trailing edge were investigated in flight. It was 
found that, in all cases, the control response was satisfactory and that, 
except for a region of low spoiler effectiveness for small control de- 
flections, the variation of rolling effectiveness with control deflec- 
tion was smooth and nearly linear. The rolling effectiveness for a 
given spoiler deflection was found to increase with airspeed. The con- 
trol forces varied smoothly hut at an increasing rate with control 
deflection, leading to a low degree of control feel for small spoiler 
deflections. With a system which consisted of spoilers in combination 
with small wing- tip ailerons, the effectiveness and control-force 
characteristics were exceptionally good, especially at high speeds. 

The yawing characteristics of the various spoiler arrangements were more 
favorable than those usually associated with aileron control and the 
lateral control in inverted flight was adequate. 


INTRODUCTION 


With the current trend toward higher wing loadings and the desira- 
bility of lower landing speeds, increasing interest is being evinced in 
the characteristics of lateral- control systems permitting the use of 
Large- or full- span flans. 

Results of previous wind-tunnel and flight investigations, reported 
in references 1 to 7, have indicated that one of the more jjromising lat- 
eral-control devices for use with full- span flaps is the circular- arc 
spoiler located near the wing trailing edge. Previous flight tests of 
this type of lateral- control surface (references 6 and 7) were limited 
to low speeds, and no control-force or hinge-moment measurements were 
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obtained during those tests. Flight investigations, vhich included meas- 
urements of control-force, hinge-moment, and high-speed characteristics, 
were conducted at the Ames Aeronautical Laboratory for various spoiler- 
type laterai-control arrangements on three airplanes. The lateral- con- 
trol characteristics from these investigations, determined chiefly in 
abrupt rudder-fixed rolls, of the following airplanes and systems are pre- 
sented and discussed in this report: 

1. A combination of circular-arc spoilers with wing-tip ailerons on 
a Worthrop P-61A airplane, standard for this airplane. Tests were per- 
formed over a sizable speed range (maximum Mach number of 0.68), and in- 
dividual spoiler and aileron hinge moments were measured. 

2. Circular-arc spoilers alone on a Worthrop P-blA airplane. Tests 
were conducted with the wing- tip ailerons locked in, the neutral position. 

3 . Plug- type vented Zap spoilers on a Vought- Sikorsky 0S2U-2 airplane 
modified to accommodate full- span Zap flaps. 

4. Simple circular-arc spoilers on a Vought- Sikorsky 0S2U-2 airplane 
modified to accommodate full-span Zap flaps. 

5 . Upper- surf ace flap -type spoilers on a normal 0S2U-2 airplane, 
standard for this airplane. The tests were performed while the slotted 
wing flaps were fully deflected, under which condition the ailerons are 
drooped and inoperative, and the lateral control is supplied by the 
spoilers alone. 


SYMBOLS 


The symbols used in this report are defined as follows: 

Ar, normal acceleration factor, the algebraic sum of the components, 
along the airplane Z— axis, of the airplane acceleration and 
the acceleration due to gravity, in terms of the standard 
gravitational unit ( 32.2 ft/sec 2 ) 

b wing span, feet 

c local wing chord, feet 

c mean aerodynamic chord, feet 

F lateral-control force, applied tangentially to the 

control wheel or normal to the control-stick grip, pounds 
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F a lateral- control force due to aileron action, pounds 

F g lateral- control force due to spoiler action, pounds 

H a aileron fringe moment, positive when tending to move the aileron 

• '"■* downward, inch-pounds 

H s spoiler hinge moment, positive when tending to move the spoiler 
downward, inch-pounds 

hp pressure altitude, feet 

l ' control- stick length or wheel radius, inches 


p rolling velocity, radians per second 

ph/2V tangent of the -helix angle generated fry the wing tips 


r radius of spoiler, inches 


V true airspeed, feet per second 
Vj_- indicated airspeed, miles per hour 

(B sideslip angle, degrees • ' - ■ 

vllsfi j/l ■■-/:■■■ ±:- i -w '-'.xr.i'- : 

5 a aileron angle, the 'algebraic difference between -the - angles of ■ 
the two ailerons measured from the wing chord line (left when 
the left aileron is up), degrees 


6 C control- wheel or -stick deflection, degrees 


5 S spoiler angle, the angular deflection of the upward- deflected 
spoiler about the hinge line, as measured from the position 
for which the upper edge is coincident with the wing upper 
surface, degrees 


DESCRIPTION OF LATERAL- CONTROL ARRANGEMENTS 


The following is a description of the more important physical 
characteristics of the test lateral- control systems and airplanes. 
Detailed specifications and dimensions are given in the appendix. 
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Arrangement I - Circular-Arc Spoilers and Wing- Tip 
Ailerons on a Northrop P-61A Airplane 

This lateral- control system (standard on the Northrop P-61A air- 
plane) consisted of a combination of upper- surface spoilers located for- 
ward of the flaps and small unsealed plain-flap- type ailerons at the 
wing tips. The spoilers were of a simple circular-arc type with the 
center of curvature coincident with the hinge line, and contained 3/4- 
inch- diameter holes which reduced the total spoiler area hy approximate- 
ly 20 percent. Details of the control surfaces are shown in figure 1 and 
2. The wing slot through which the spoiler operated was provided with a 
faired seal on the lower wing surface, as shown in figures 1 arid 3* 

The spoilers were partially mass-balanced and the ailerons were complete- 
ly mass-balanced. The degree of mass unbalance and friction in the con- 
trol system, as measured on the ground during slow movements of the con- 
trol wheel, are indicated by the curves of figure 4. The kinematics of 
the control system, as measured under no-load conditions are shown in fig- 
ure 5 . The development of this lateral- control system is reported in ref- 
erence 8 . 

The airplane was equipped with slotted flaps which extended approx- 
imately 82 percent of the wing semispan from the, airplane center line. 
Details of the outboard flap panels, the slots of which were fabric - 
sealed, are shown in figure 3* A three-view drawing of the airplane is 
presented in figure 6; figure 7 shows the airplane with the flaps fully 
extended; and sketches of the flap and wing- section countours are pre- 
sented in figure 8. 


Arrangement II - Circular-Arc Spoilers Alone 
on a Northrop P-61A Airplane 

This arrangement was the same as Arrangement I except that both 
ailerons were fixed in the neutral position. 


Arrangement III - Plug- Type Zap Spoilers on a Vought- 
Sikorsky 0S2U-2 Airplane with Full- Span Zap Flaps 

This arrangement consisted of plug- type vented Zap spoilers installed 
on a Vought- Sikorsky 0S2U-2 airplane modified to accomodate full- span 
circular- arc Zap flaps. Details of the spoilers and flap are presented 
in figure 9 , and a view of the spoilers and flaps fully extended is shown 
in figure 10. The kinematics of the control system are presented in fig- 
ure 11, and a three- view drawing of the airplane is shown in figure 12. 
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Arrangement IV - Circular-Arc Spoilers on a Vought- 
Sikorsky 0S2U-2 (Zap) Airplane 

The plug- type spoilers of Arrangement III were replaced with 
simple circular- arc -type spoilers having the center of curvature above 
the hinge line. Details of the surfaces are Bhown in figures 13 and 
Ih, and the control- system kinematics are presented in figure 15 . 


Arrangement V - Flap- Type Spoilers on a 
Vought-Sikorsky 0S2U-2 Airplane 

This arrangement, standard on the Vought-Sikorsky 0S2U-2 airplane, 
consisted of flap- type spoilers forward of the slotted flaps and wing- 
tip Frise-type ailerons. Details of the surf aces are shown in figures 
16 and IT. As the flaps were lowered, a gradual transition from control 
by ailerons to control by spoilers occurred, and simultaneously the ailer- 
ons became drooped (both deflected downward). With the flaps fully de- 
flected, lateral control was by spoilers alone, the ailerons remaining 
fixed in a drooped position (approx. 29 down). The tests reported here- 
in were conducted for this condition, the kinematics for which are shown 
in figure 18. A three- view drawing of the airplane is presented in 
figure 19* 


INSTRUMENTATION 


The test airplanes were equipped with standard NACA photographically 
recording instruments by means of which the following quantities were 
measured : indicated airspeed, lateral- control- surface or control-stick 
positions, angular velocities, lateral- control force, normal acceleration, 
and angle of sideslip. 

A yaw vane find a free- swiveling airspeed head were mounted on booms 
extending approximately one chord length ahead of the wing tips. 

For the tests with Arrangements I and II, individual spoiler and 
aileron hinge moments were measured by means of resistance- type strain- 
gage unite mounted on the push-pull rods of the surfaces and connected 
to a recording oscillograph. 


6 


NACA mi 'No. 1123 


TESTS 


The flight tests reported herein consisted primarily of abrupt left 
and right rudder-fixed rolls at various airspeeds for the' following com- 
binations of flap and power settings: !.>■.■ < . la 


Condition 

Power setting 1 . 

Flap and gear 
setting 

Cowl-flap • <' 
position 

Power-on clean 

Normal rated 

Up 2 

Open 

Wave- off 

Normal rated 

Down 

Open 

. Glide 

Off 

Up 2 

Closed 

Landing 

\> . -r . , • > 

Off 

Down 

Closed 


1 See appendix for engine-power ratings. 

2 Gear retractable for Arrangements I and II only. 


The airplane gross weights and center-of gravity ■ locations at take- 
off for all the tests corresponded approximately to the.. normal values 
given in the appendix. Except as otherwise specified, the tests were 
performed at pressure altitudes of from 6000 to 10,000 feet.. 

RESULTS AND DISCUSSION 
Response Characteristics 


The rolling response of an airplane to lateral-control deflections 
may be measured by the time required for the establishment of the maxi- 
mum rolling acceleration following the abrupt deflection of the controls 
to a predetermined position. CriteriOns based on previous : test results 
and pilots' opinions have been promulgated in ref erences • 9, 10, and 11 
in the form of maximum satisfactory time-lag values of 0.2 second (refer- 
ence 9) and 3*75 c/v seconds (references 10 and 11 ). 

Time histories of typical abrupt rudder-fixed rolls are presented 
in figure 20 for the various lateral- control arrangements. These 
records show that in the critical low-- speed conditions the lag was equal 
to or less than the values mentioned in the preceding paragraph. Al- 
though in a few cases the pilots noticed lag with spoiler control which 
they believed slightly greater than that with normal aileron control, 
the response characteristics of the various test control systems were 
considered satisfactory. 
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These response characteristics are in agreement with the results 
of the investigations, reported in references 3, 12, and 13 , which 
have shown that the lag with spoiler-type surfaces is a function of the 
chordwise location on the wing and that, for the spoiler locations for 
the tests reported herein (70 or 80 percent of the local wing chord 
from the leading edge), the lag should be satisfactorily small. 

At high airspeeds, abrupt lateral- control deflections caused a 
sharp momentary decrease in normal acceleration (fig. 20(a)), an effect 
associated with the sudden decrease in lift due to spoiler action. This 
characteristic was not noticeable at low speeds and was not considered 
seriously objectionable by the pilots. 

The effect on the response characteristics of changes in flap and 
power settings appeared to be negligible. 


Rolling Effectiveness 

Values of pb/2V corresponding to the peak rolling velocities were 
determined from records similar to those shown in figure 20, and are 
presented in figure 21 as a function of change of spoiler angle from 
that; for balance. These curves show that for all test arrangements and 
conditions the rolling effectiveness varied smoothly with spoiler angle 
but that a region of low effectiveness was present for small spoiler 
angles. The latter effect may be attributed to the low effectiveness of 
the spoiler when operating in the wing boundary layer. As would he ex- 
pected, this effect was less pronounced with spoiler— aileron control 
(Arrangement I) than with pure spoiler control (Arrangement II). Al- 
though not considered seriously objectionable from a piloting standpoint, 
the low effectiveness near neutral led toward a tendency to overcontrol 
somewhat at low speeds, such as in approaches and landings. 

The decrease in the slope d(pb/2V)/d5s with increasing spoiler angle 
for sizable control deflections resulted from the ; fact that ; as shown in 
previous investigations, pb/2V is more nearly proportional to the spoil- 
er height above the wing than to the spoiler angle. The variation o? 
pb/2V with spoiler height was found to be nearly linear. The Results 
for Arrangements III and IV (fig. 21) and for a modified version of 
Arrangement IV indicate that for a given .spoiler height, the effective- 
ness of these radically different surfaces was of the same order. 

From a pilots standpoint, it is desirable to have, a linear varia- 
tion between pb/2V and control— wheel or —stick deflection. Ow.ing^ to 
the relatively large amount of differential associated with spoiler 
systems (see figs. 5, H, 15 * and. 18), conversion of spoiler angle to 
wheel or stick deflection results in very nearly linear variations of 
pb/2V with cockpit control deflection. 
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The usual criterion for the rolling power of a lateral- control cur- 
face is the maximum value of the rolling effectiveness pb/2V attainable 
with full control deflection. Values- of 0.07 or greater have been found 
adequate for satisfactory handling qualities of most airplane b (refer- 
ences 9, 10, and 11) but for fighter- type airplanes, values of 0.09 or 
greater are considered desirable. (See reference 10.) Maximum values of 
pb/2V corresponding to full control deflection, as obtained from figure 
21, are given in the following table: 



Arrangement 

Condition 

I 

11 

hi 

IV 

V 

Power-on, clean 
110 mph 
2b5 mph 

O 

• • 

O O 
—0 — 0 
ro 0 

0.038 

.0U9 

X 

0.073 

0.070 






Wave -off 
100 mph 

.096 

.053 

0 

i>- 

0 

• 

O 

O 

0 .060 


It is estimated that, should the spoilers for Arrangement II be extend- 
ed to the wing tips, the maximum values of pb/2V probably would be in- 
creased about hO percent. It should be pointed out that the lateral- 
control surfaces of Arrangement I were designed to give a maximum 
pb/2 V of 0.07, and a method by which a spoiler system can be designed 
to give a specified value of maximum pb/2V is indicated in reference 8. 

Effect of airspeed. - The curves of figure 21 show that, for the 
spoilers tested, pb/2V for a given spoiler deflection increased with 
airspeed. It Is noted that this effect, which is not characteristic 
of aileron control, is less for the spoiler- aileron system of Arrange- 
ment I than for the corresponding pure spoiler system (Arrangement II). 
The superiority of spoilers over ailerons in this respect is due in 
part to the smaller torsional loads associated with spoilers and honce 
the smaller reduction in rolling effectiveness due to wing twist, 
especially at high speeds. Additional factors which contribute to 
this increase in pb/2V with airspeed are increases in spoiler effec- 
tiveness with decreases in wing angle of attack, the more favorable 
yawing tendencies of spoilers especially at high speeds, and increases 
in Mach number. High-speed wind-tunnel data of references lh and 15 
and recent data on file at Ames laboratory obtained in the Ames 1- by 
3g-foot high-speed wind tunnel have shown that the spoiler effectiveness 
increased with Mach number up to values slightly above the critical, be- 
yond which a sharp decrease occurred. 
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Effect of flap deflectio n.- Comparison of the curves of figure 21 
’.for the' various conditions shows that, with power either on or off, de- 
flection of the flaps appreciably increased the pb/2 V obtained with 
a given spoiler deflection at the same airspeed. 

Results of flight tests with Arrangement I and of wind-tunnel 
tests 1 . obtained with a two-dimensional model wing showed that with 
a deflected slotted flap the spoiler effectiveness Was zero Or of the 
wrong sign at small spoiler angles. It was found that with the flap slot 
sealed, as wa 3 the outer panel slot for Arrangements I and II, this ef- 
fect was eliminated, but the flap effectiveness was reduced. A possible 
explanation of this characteristic is that the spoiler, when deflected a 
small amount, causes an increase in the air flow through the flap slot, 
and the resulting increased lift of the flap opposes the wing- lift re- 
duction due to spoiler action. 

Effect of -power. - Comparison of the curves for the power-on clean • 
conditions (fig. 21(a)) with those for the glide condition (fig. 21(c)) 
shows that, especially at low airspeeds, pb/2V for Arrangement I was 
markedly increased with application of power, due chiefly to the in- 
crease in slipstream velocity over the spoilers which were located 
sufficiently inboard to be affected. This effect, to a slightly larger 
degree, would also be characteristic of Arrangement II, and, as would 
be expected, a similar effect of power was noted for Arrangements III 
and IV but not for Arrangement V. 

Control-Force and Hinge-Moment Characteristics 

Changes in lateral- control force from the values for balance were 
detexSuined from time histories similar to figure 20 and are presented 
in figure 22 as a function of change in spoiler angle. These data rep- 
resent the maximum values neglecting the initial peak values and os- 
cillations of control force attributed to the relatively large inertia 
of the control systems. The corresponding values of individual spoiler 
and aileron hinge moments for Arrangements I and II are presented in 
figures 23 to 26. The measured spoiler hinge moments include the ef- 
fects of spoiler mass unbalance, and these values have been designated 
as total hinge moments. ' The total hinge moments corrected for the ef- 
fects of static mass unbalance from figure t are denoted aerodynamic 
hinge moments. These hinge moments were measured at the initial maxi- 
mum values (neglecting inertia effects). 

Spoiler-aileron control. - The curves of figure 22 for Arrangomoht I 
show smooth and nearly linear variations of control foice with spoiler 

lFrom data on file at Ames laboratory. ‘ , , 
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angle for all conditions. The pilots considered the magnitude of these 
forces exceptionally good (not excessive at high speeds and sufficient 
for feel at lov speeds) in relation to the corresponding values of pb/2V. 

The curves of figure 23 show an increasing rate of change of hinge 
moment with respect to spoiler angle dH s /d& B as the spoiler was de- 
flected. from neutral. Small negative aerodynamic hinge moments were 
present .over a sizable spoiler-angle range near zero, both up and down, 
especially at low airspeeds. As shown in previous investigations, these 
effects are characteristic of this type of spoiler. It is noted that the 
mass imbalance in the system was sufficient to counteract the negative 
hinge moments in most cases. The variations of aileron hinge moment with 
aileron angle (fig. 24) were essentially linear in all cases, as is char- 
acteristic of a plain control surface without aerodynamic balance. 

The contribution of both spoiler and aileron action to the total 
lateral- control forces of Arrangement I has been computed from the hinge 
moments (figs. 23 and 24) and the kinematics of the system (fig. 5) by 
means of the following equations: 


iri „ % d&s 

■ ; ; * s " T d&7 

■. • V .• fty • . . . . S. : : 

Ha 

Fa = T d&c 

These values, along with the total control forces measured directly, 
are presented- in figure 25 as functions of spoiler angle. The relia- 
bility of the .hinge -moment data presented herein is indicated by the 
close agreement between the computed total force curves and the test 
points. : The curves of figure 25 show that the contribution of the 
ailerons to the total control force is paramount and that the spoiler 
contribution is small except for large spoiler angles. This predom- 
inance of aileron inf luence is largely responsible for the desirable 
total control-force variation with spoiler angle. 

Circular-arc- spoiler control. - The curves of figure 22 for the 
circular- arc -spoiler' systems (Arrangements II, III, TV) show a region 
of low forces for small spoiler angles and an increase in the rate of 
change of control force with spoiler angle dF/dS s as the spoiler 
angle is increased. The hinge-moment data of .Arrangement' II (f ig. 2 6) 
show similar characteristics. The low forces for small spoiler angles 
result partially from spoiler, ^operation in the low- velocity region of . 
the wing boundary layer. 


( 1 ) 

( 2 ) 
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The control forces for Arrangement II (fig. 22) -were considered 
too light for desirable control feel and for proper self-centering 
tendencies of the control. Larger control forces could be provided 
by the action of a suitable plate installed normal to the spoiler upper 
edge, and the control feel could be further improved by some mechanical 
means, such as the use of springs in the system or a spoiler upper-edge 
plate which has a differential motion. 

For spoilers such aa those used in Arrangement III, additional ef- 
fects on the hinge-moment characteristics are encountered, such as cir- 
culation around the upper plate, around the vane, and through the various 
vent holes. Eesulte of supplementary flight tests of Arrangement III 
with minor modifications showed that a reduction, in the upper-plate area 
resulted in an approximately proportional reduction in the control forces 
and a rotation of the vane nose upward resulted in very slight decreases 
in control force. It appeared that nearly all the control force origi- 
nated from the upper plate. 

An additional means of providing large enough control forces for 
control feel is to have the spoiler center of curvature at a small dis- 
tance above the hinge line, as in Arrangement IV. The curves of figure 
22 show the large forces resulting from the small offset used. It is 
noted that the general nature of the curves for Arrangement IV is sim- 
ilar to that for the other circular- arc spoilers. Supplementary tests 
conducted with these spoilers modified so that, the center of curvature 
was even farther above the hinge line resulted in proportionately high- 
er control forces. 

It appears that some improvement in the variation of control force 
with spoiler angle could be effected through a spoiler design in which 
the center of curvature varied along the height so as to give a larger 
rate of hinge-moment increase at low spoiler angles and a reduced rate 
at larger angles. However, the use of offset-type circular-arc spoil- 
ers necessitates an increase in the gap in the upper wing surface, re- 
sulting in a consequent adverse effect on the aerodynamic character- - 
istics of the wing. 

Flap- type spoiler.- As would be expected, the curves of figure 22 
for the flap- type spoilers (Arrangement V) show nearly linear variations 
of control force with spoiler angle. The pilots considered the control 
forces too large in view of the relatively low rates of roll obtainable 
with this arrangement. . . 

Yawing Characteristics 

The yawing and sideslip characteristics of the various spoiler 
arrangements are shown by the time histories of figure 20 and by the 
variation of sideslip angle with spoiler angle presented in figure 27. 
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The values of side-slip angle shown in figure 27 represent the change in 
side-slip angle from the values for balance to those corresponding to 
maximum rolling velocity. 

. The data of figure 27 indicate relatively small adyerse yawing mo- 
ments at low airspeeds and a tendency toward favorable yawing moments 
at high speeds. These yawing characteristics are more desirable than 
those usually associated with a conventional aileron- control system. 

The lower adverse yawing effects of spoilers provide a decided advantage 
for this type of control over aileron control in that the rudder control 
required in properly coordinated turn entries and exits is less. The ad- 
vantages of spoilers for use with two- control systems is apparent from 
these characteristics. The more desirable yawing characteristics of 
spoilers are due to the predominance of the favorable profile-drag ef- 
fects over the adverse induced-drag effects. 


Effects of Altitude 

Results of abrupt rudder-fixed rolls with Arrangement I at a pres- 
sure altitude of approximately 27,000 feet are presented in figure 28. 
The curves are similar in character to the corresponding curves at nor- 
mal altitude (figs. 21, 22 and 27), although there are slight differ- 
ences in effectiveness and some increase in control force. Ho sizable 
effect of altitude on the sideslip characteristics is apparent. 

Characteristics near the Stall 

In order to obtain an indication of the lateral- control effective- 
ness near the stall, abrupt rudder-fixed rolls with Arrangement I were 
made during the early stages of the stall. Typical time histories are 
presented in f igure 29, in which oscillations of the pitching velocity 
indicate that the airplane was in an incipient stall during these tests. 
The roll following abrupt deflection of the control was in the correct 
direction and the lag was desirably low. The pilots considered the lat- 
eral control in the stall region to be excellent, but these character- 
istics are probably due in part to the unusually good stalling pattern 
of the wing itself (characterized by an early wing- center- section break- 
down) . > 

Stalls conducted with Arrangement III, for which typical time his- 
tories are presented in figure 30, showed that the spoilers were not 
very effective in controlling the rolling motions in the stall, particu- 
larly with flaps up. With flaps down, the control was fairly good. 

The pilots considered that the lateral- control effectiveness of this 
arrangement in the stall was about the same as that which would be ex- 
pected from ailerons. 
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Characteristics in Inverted Plight 

In order to determine the effectiveness of spoilers in inverted 
flight, a maneuver was made with Arrangement II in which the airplane 
was rolled left to approximately inverted flight. While in this attitude, 
the airplane was then rolled abruptly to the right, an attempt being 
made to maintain a constant rudder angle. A time history of this maneu- 
ver is presented in figure 31 > which shows that the spoilers produced a 
rolling motion in the correct direction while in inverted flight and 
that the lag was not excessive. Favorable yawing motions are also indi- 
cated. The pilots considered the spoiler effectiveness in inverted 
flight entirely adequate. 


CONCLUDING REMARKS 


The flight tests reported herein indicated that spoilers located 
near the wing trailing edge may supply satisfactory lateral- control 
characteristics which are in some respects superior to those of ailerons. 

It was found that the spoiler effectiveness, as measured by maximum 
pb/2V in abrupt rudder- fixed rolls, was approximately proportional to 
the cockpit control deflection except for a region of low effectiveness 
for small spoiler deflections and that the spoiler effectiveness in- 
creased appreciably with airspeed, a characteristic not normally asso- 
ciated with ailerons. The corresponding control forces varied smoothly 
and in the proper direction but at an increasing rate with spoiler de- 
flection, and the control forces near neutral spoiler position were 
very low. 

The response characteristics and the control in inverted flight 
and near the stall were found to be entirely satisfactory for the 
spoiler arrangements for which these characteristics were investigated. 
All the spoiler arrangements exhibited satisfactory yawing character- 
istics which were more favorable than those associated with ailerons. 
Changes in normal acceleration following abrupt deflections of the 
spoilers were not noticeable at low speeds and were not seriously ob- 
jectionable at high speeds. 

The results of these flight tests indicate that the optimum 
lateral- control arrangement tested was the combination of circular-arc 
spoilers with the center of curvature coincident with the hinge line 
and small plain ailerons at the wing tip. In addition to permitting the 
use of large-span flaps, such an arrangement realizes the combined ad- 
vantages of spoiler yawing characteristics, spoiler effectiveness (par- 
ticularly at high speeds), and aileron hinge-moment characteristics, and 
hence possesses lateral- control characteristics superior to those of a 
conventional aileron system. 
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The present test results also indicate that, should a full- span 
flap he desired, a circular- arc spoiler with a suitable plate normal 
to the upper edge of the spoiler would provide satisfactory lateral- 
control characteristics if a low degree of control feel near neutral 
would be acceptable. The control feel with this arrangement, however, 
could possibly be Improved by mechanical means such as the use of 
springs in the control system or a spoiler upper-edge plate which has 
a differentia! motion. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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APPENDIX 

DETAILS OF TEST AIEPLANES AND LATERAL - CONTROL SYSTEMS 
Arrangements I and II 


Airplane 

Type 

Length (over-all) . . 

Height (thrust- line level) . . 

Test gross weight. . 

Test center-of-gravity position 


. . .Northrop P-61A-5 

48 ft 9 in. 

. . . . . 14 ft 8 ini 
..... 26,800 lb 

0.276 M.A.C. (gear up) 


Wing 

Span 

Area 

Mean aerodynamic chord . . 

Aspect ratio ...... 

Dihedral of chord plane 

Inner panel 

Outer panel 

Sweepback of leading edge 

Incidence of chord line with thrust line 
Airfoil section 

Root 

Tip 


66.0 ft 
662.4 sq ft 
126.7 In. 
6.7 

4° 

2 ° 

0 ° 

1.5° 


Zap 15 percent thick 
Zap 13 percent thick 


Flaps 

Type Slotted (outboard panels sealed) 

Deflection 60 ° 

Span (over-all) 55 ft 

Chord. . 20 percent of wing chord 

Area . . 124.6 sq ft 


Spoilers (each) 

Type 

Deflection 

Span 

Radius of forward face . 

Area 

Location of forward face 


. . Circular-arc, perforated 

65° up, 27. 5° down 

11.16 ft 

9 percent of local wing chord 

. . 9*5 sq ft 

72 percent of local wing chord 


Ailerons (each) 


Type Plain flap (unbalanced, radius -nose) 

Deflection 

Left 22.7° up, 21.5° down 

Right 21.5° up, 21.3° down 
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Span . 57 in. 

Chord aft of hinge line. ....... 17 percent of local wing chord 

Area .......... 5-5 si ft 

Lateral control 

Type . ’ Wheel 

Wheel diameter 13.9 in. 

Engines : 

Type ........... Radial, air-cooled, 18-cylinder, double row 

Manufacturer Pratt arid Whitney 

Number E-2800-65 


Rating (each) 

Take-off. .... 2000 blip at 2700 rpm and .54.0 in. Eg at sea level 
Normal 1675 bhp at 2550 rpm and 44.5 in. Hg at 8400 ft 

Propellers (each) 

Typ© Constant -speed full-feathering 

Manufacturer Curtiss -Wright Corp. 

Diameter . 12 ft 2 in. 

Number of blades Four 


Arrangement III 


Airplane 

Type . . . 

Length (over-all). ... . . . . 
Height (thrust-line level) . . . 

Test gross weight 

Test center- of -gravity position. 


Vought - S i kor sky 0S2U-2 modified to 
accommodate full- span Zap flaps 

.... ... . . i . . . . 31.0 ft 

12 ft UJ in. 

4960 lb 

0.284 M.A.C. 


Wing 

Span 36.0 ft 

^ rea 20p.8 sq ft 

Mean aerodynamic chord 72.5 in. 

... Aspect ratio 6.3 

Dihedral of chord plane 70 ) 

Sweepback of leading edge. . . . . . . . ... . 2°51* 

Ineidende of chord line with thrust line .......... 3° 

Airfoil section 


Zap 17.25 percent thick 

Tip Zap 12 percent thick 


Zap circular-arc 


Flaps (each) 
Type . . 
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Deflecti-on. . •. . . . 
Span. . . . . , J . ; , 

Area. . •• •. •. . 


-. . . 4l°55* 

. . . . 15 ft 7 in. 

Spoilers (each) 

Type. . . 

Deflection 

Left 

Eight 

Span. % 

Area (upper plate) . . 


37.8° up, 0.75° down 

Lateral control 

Type. . 

Stick length 

✓ 


Engine 

Type 

Manufacturer 

Eeduction gear- ratio-. 
Eating ■ • 

Take-off 

Normal 

. . Eadial, air-cooled, nine -cylinder, single-row 

450 bhp at 2300 rpm and 35*5 in. Eg at sea level 
400 bhp at 2200 rpm at sea level and 5500 ft 

Propellers 

Type 




Manufacturer. 1 . •< Hamilton Standard 

Diameter. ... i ... . 8 . 50 ft 

Number of blades; ; Two 

Arrangement IV 

The details are the same as those for Arrangement III, except as fol- 
lows: 


Spoilers (each) 

Type i ; Simple circular-arc 

Deflection ... 

Left 47° up, 5*5° down 

Eight 52° up, 8.5° down 


Arrangement V 


Airplane 

Type. 


Vought -Sikorsky 0S2U-2 
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Length (over-all) 30 ft'l - in. 

Height (thrust-line level) 12 ft 6| in. 

Test gross weight-. . *1-717 Fb 

Wing ... ... 

Span 35 ft 10F| in. 

Area 26l«9 eq ft 

Mean aerodynamic chord 89-5 in* 

Aspect ratio 4.92 

Dihedral of chord plane 7° 

Sweepback of leading edge' 

Incidence of chord line with thrust line 3° 


Flaps (each) 

Type 

Span 

Chord aft of hinge line. 
Area aft of hinge line . 

Spoilers (each) 

Type 

Deflection 

Left 

Eight ........ 

Span 

Chord, average 

Area 


Slotted-def lector-plate, spring-loaded to 
decrease deflection with increasing loads 

. 51 percent of wing semispan 

23 percent of local wing chord 

17-5 sq ft 


Flap-type, ventilated and paddle -balanced 

49. 0° up, 3*5° down 

53-0° up, 3*5° down 

4l percent of wing semispan 

10 percent of local wing chord 

4.98 sq ft 


Ailerons (each) 

Type Frise 

Span 31 percent of wing semispan 

Chord, average aft of hinge line . . 17.2 percent of local wing chord 

Area aft of hinge line 6.7 sq ft 

Droop 29° at full flap deflection 


Lateral control 

Type Stick 

Stick length 35 i n > 


Engine 

Type 

Manufacturer .... 

Number 

Reduction gear ratio 
Eating 

Take-off 

Normal 


Radial, air-cooled 

Pratt and Whitney 

, ' R-985-50 

Direct drive 

450 bhp at 2300 rpm and 35*5 in. Hg at sea level 
. 400 bhp at 2200 rpm at sea level and 5500 ft 
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Propeller 

Type 

Manufacturer . . 
Diameter . . . . 
Number of blades 


Constant-speed 
Hamilton Standard 
.... 8.50 ft 
Two 
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Fig. 1 



Aileron (fixed in neutral position for 
Arrangement IT) -Extends from 
0.635 semi span to w/ng tip 



Spotter - Extends from 
0.49 to 0.63 semi span 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

Figure /. - Lateral con trot surfaces. Arrange - 
ments T and E. 
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Figs. 2,3 




Figure 2.- Spoiler and 
aileron fully 
deflected, inboard cover 
plate open. Arrangement 
I. 


Figure 3.- Outer wing- 
panel showing 
seals over flap and 
spoiler slots. 
Arrangements I and II. 





Con fro/ -surface. anglct,6'^deg 



Figure 4- . ~Vor/af/on oF /a feral control Force ond hinge moment 
with spoi/er on ole under no - load condit/on. Arrange- 
ment I. 



/60 120 30 40 O 40 30 120 160 

left nghf 

Control- wheel angle S c J deg 


Figure 5 .-Variation oF lateral control-surface angles with 
control-wheel angle under no-load condition. 
Arrangement I . 



— 
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Fig. 6 



Figure 6 . - Three - view drawing of the Northrop 

P-6/A-5 a/rp/one. Arrangements land If. 








Figure ?.- Northrop P-61A-5 airplane with flaps fully extended. 
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Figs. 8,9 



Wing roof section - Zap /S % thick air Foil 



Figure <5 Wing and P/op section contours . 
Arrangements T and IT. 
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Figs. 10,14 



Figure 10.- Vought-Sikorsky 0S2U-2 (Zap) airplane with spoil- 
ers and flaps fully deflected. Arrangement III. 



Figure 14.- Vought-Sikorsky 0S2U-2 (Zap) airplane with 
spoilers fully deflected. Arrangement IV. 




Spoi/er angle J deg 
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Fig. 11 



F/gure // . - Variat/on of spoi/er ang/e. with contra/ - 
stick position under no-toad condition. 
Arrangement IE . 






F/yure fZ .-Three-view drow/r>g of the Vouyht- Si korsky 

OS2U-Z (Zc/p) a/rpbr?e. Arran ae ments MandJSZ. 
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Fig. 13 



NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 



F/gc/re J3. - Spotter and P/op. Arrangement UF 







Spo//e.r ong/e J c/eg 


Fig. 15 
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Figure IS - Variation of spoiler cmg/e with conlrol- 
sf/'ck posii/on under no -bod condition . 
Arrangement JJZ. 
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Fig. 16 



Lateral control surfaces 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 



Flap 


Figure 16 Lateral control surfaces and flap. 
Arrangement JZ. 





Figure 17.- Vought-Sikorsky 0S2U-2 airplane with spoilers and flaps fully 
deflected. Arrangement V. 
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Spo//er ang/ej deg 
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Fig. 18 



Figure / < 5 . -Variation oF spoiler ang/e with control 
stick position under no-/oad condition. 
A rrang ernen t - Vi. 


Fig. 19 
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Figure /9 Three-view drawing of the [/ought- Sikorsky 
OSFU-F airp/ane . Arrang em en tJZ. 



F/gure 20 - Time histories of abrupt rudder- fixed rods. 
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(bj Wove -off condition - 
Figure 20 Concluded . 


fig. 20b NACA TN No. 1123 


Max/ mum pb/PV 


Fig. 21a 
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Figure 2/ - Variation of rnax/mum pb/2V with spoiier ong/e 
m abrupt rudder-Fixed rods. 


Maximum pb/idV 


Maximum pb/^V 



Maximum pb/^V 


Maximum pb/2V Maximum pb/2V 

tefh right /aft right 


Fig. 21c, d 
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/<sFf right /efh r ight 

Maximum pb/FiV Maximum pb/2V 


Change in iotero / coni no I force, AC, lb 

left rig hi left right 


Fig. 22a 
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Figure.' 22 -Variat/on of lateral control force with spoi/er 
ang/e in abrupt rudder- f/xed rolls. 


left right left right 

Change in lateral control force jAF, lb 
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Change in spoiler ong/e t AS Sj deg 
(b) Wove -off condition 

f/gure 22 - Continued \ 


Change in /otero/ control force J At, lb 


fig. 22c, d 
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F/ffure. 22..- Conc/uded. 


/?/[ ytit - spo/Zer 

£?/pZ)f - spo/Zen aenoctynam/c 

fofaZ h/nge moment, Zn.- /6 hinge moment, Znrtp 



&mct to tat fringe moment \A/i/fr spo/Zen angZe 
/n abrupt rudder- Fixed ro/Zs. Arrangement I 
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(c) Wave off concf/t/on. 
f/c?L//~e 23.- Conc/oct&d. 


£?/gf>f-a/Ze/~on h/nge moment , Zn.-Zd 



Figs. 23c ,24a NACA TN No. 1123 


Right- a/ ter on hinge moment, / h.-//b 



(/b) O/ide condition . 
Figure 24.- Continued. 


Right- a Heron hinge moment, in.- it 



2-0 /O down O o/o ^ 

Right- a/ieron ang/e, deg 
(c) Wane -off condition . 
Figure 24 r Conciudeai. 
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Change in ia/ercti con fro/ force y AF J /b 



Figure 25 r Variation wifi? jpo/ier ang/e of /a /era/ 

con fro/ force, as computed from fi/nge - moment 
c/a/a /n obrc/pf rudder- fixed roi/s. Arrangement I. 



Figure 25.- Conf/n<sed. 


Fig. 25a, b NACA TN No. 112; 
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Change in s/desiip ong/e J A& deg 
left right left right 
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Fig. 27a 
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Figure 27 -Variation of sideslip ongie with spader ang/e 
in abrupt rudder- fixed roi/s. 


/eft right /eft r/'ght 

Change in sideslip angle, A/3, deg 
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Fig. 27b 



Figure 27 ~ Continued, 


te.Pt right /eft right 

Change in sideslip ang^A/fj deg 


Change, in sideslip Change in s/deslip 

angie, A/3, deg angle, A/3, deg 

le.Ft' r/ght /ePt right 


Fig. 27c, d 
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Figure ZS Variation of maximum pb/ZV, control force } 
and sides/ip ong/e with spotter ong/e in ab- 
rupt rudder-fixed rolls at high altitude, 
/oow&/~-on c/e&s? co/yd/F/or? Ar/~cr/7y r e f s??&/7f T 
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